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Clifton ..._.._._. .._.._..I 3 
Fru!ta ._...__.__ 19 i 17 
Friutvale _....._ 20 25 

Loma.. . . . . . . -. . 1 17 
Hunter ........_ IS 1 21 

17 j 

a r o ~  to offset the usual &e& of low temperatures. On 
at least three different occasions rains and snows preceded 
the cold spells in the valley, and the condensation of a 
bountiful supply of aqueous vapor liberated enough latent 
heat to protect the crop? In other instances B strong 

up at the o portune time to ink “canyon breeze ” 
the aw and prevent muc further cooEng after dangerously 
low temperatures had been reached. 
As an illustration of the narrow escape from total loss 

observe the following table showing minimum tenipera- 
tures for March and April, 1921. After the 1st of Ma-y 
onl one station reported a minimum temperature of 32’ 
or ;g elow, and that station (Loma) was in the estreme 
lower end of the valley where little fruit is now grown. 

spran% 

37 UrehardMe sa... ....._.. 23 55 
3.1 l’alisac!e ___.__.. 24 24 3Y 
35 I’ornoiia _.__..._ 17 21 35 

32 Grand Ju~iction. 23 2s 38 
315 I RedlPnds .._._.. 21 21 BS 

Lowest during month. J.owst during month. 
- -  statiom. 

MA.’ -4pri1. ~ a y .  
0 1 -  I ’ I . !  i 

The Smudging Cormnittee’s Report of 1912 sets the 
dan erous temperature lines for peaches as follows: 
Bu f s swelling, 15’; buds in the pink, 22’; full bloom, 
29’; peach setting, 31’; drop in the shuck, 31’. For 
a ples: B U ~  separating, 200; i u f  in tlie pinlr, 250; full 
broom, 30’; fruit formmg, 30’; petds dropping, 31’. 

Since temperatures several degrees below these danger 
lines occurred during the period of development, it  is 
remarkable that such an excellent crop of fruit is being 
harvested during the present season. 

Other authorities ive somewhat lower critical tem- 
eratures than those a i  % ove quoted, but there are so many 

!?actors aside from the actual tcm >ersturc which entcr 

focal study and experiment, perhaps apply best to  t i e  
Grand Valley. For example, a teiiiperat-ure of 2‘3’ 
might seriously injure peaches when in full blooin in 
the arid climate of the Grand Vdley and at  an oleribtion 
of 4,600 feet, while at  the lower elevation and in thc 
more humid atmosphere of the Pacific coast the same 
fruit might withstand a temperature 8s low as 

When it was learned that, in several instances. severe 
freezes failed to materialize on account of an abundant 
supply of moisture in the o r c h d s ,  a few growers esperi- 
mented by spraying their trees with water instead uf 
smudgin on nights when freezing teniperatures were 
indicatef. The results were unsatisfactory, however, 
and later most of the fruit dropped from the trees which 
were sprayed. It was the intention to form a coating 
of ice around the fruit, thus holding its temperature at 32O, 
but failure was due, probably, to the fact that the 
experiment covered a too limited area, and the coolin 

ice formation. Moreover, ice can cool to below 32’, and 
if the fruit were not kept incased in ice throughout the 
entire period of low temperatures that night it was 
sub’ect to more cold than would have been experienced 
un d er natural conditions. 

into the freezin of fruit on trees t 1 i t i t  each locality is ti 
roblem in itse K f ,  and these values, arrived a t  thou-h 

effect of eva oration more than offset the warmt E 
derived throug 5i freeing of latent heat in the process of 

8 Wold air menta severe lreeze.’s Mo. WFATEEB REV., April, 1921. 

‘See NichoU E. 8.: Damage by frost in we&em Colorado, Yo. W E A ~ S  REV., 
4 Farmer. JUllcriR No. 1w. 

April, 19l8, p. dos. 

A survey of the valley was made after the frost season 
of 1921, and it was learned that 29 growers in the vicinity 
of Palisade (representing a total of 200 acres) li hted 
their smudge-pots durin the spring, acting upon a f vices 

In the lower valley, where orchard heating has been 
discontinued, there seemed to be no further need for 
maintaining special meteorological stations, and therefore 
the s ecial stations a t  Lonia, Runter, Pomona, Redlands, 
and grchard Mesa, Colo., were closed on June 1, 1921. 
It is not thought that orchard heating will ever again be 
po ular throughout the valley. 

8ver 900 carloads of Elberta peaches were harvested 
in the Grand Valley in 1921, and over 400 carloads of 
pears, notwithstanding the fact that t,he record of 
minimum temperatures which occurred durin the 
season of blossoming would, at  that time, have in d icated 
ti total loss. 

In  t-his connection it may be stated that it is highly 
probable that irrigation is playin5 an important part. 

conditions better for fruit raising without 
in artificial makini enting in the Grand Valley. Year after year 
since 1911 more land hns been artificially watered. 
The relative humidity is thus increased over a large area, 
mcl this is fnvoritble to the forniation of local fog and 
clouds, and also to the liberaition of considarnble naturtil 
heat in the processes of condensation and frost formation. 
A map showing the Grand Valley ap eared in the 
MoNTHLY WEATHER REVIEW, for Novem B er, 1915, page 
563. 

sent out by the Weather B ureau office. 

DISCUSSION. 

By E. 8. NICEOLS, Meteorologist. 
[Weather Bureau, Stan Jose, Calif., Sept. 24,1921.1 

Acting on suggestion by Mr. Hamick, I am submitting 
the following remarks, not to controvert, but to supple- 
ment those niade by him. 

Even more than hlr. Htmrick does, I should empha- 
size econoinic conditions nnd results of experience in 
ex laining the decline of orchard heating in the Grand 
V&ey 

My first spring in the valley was that of 1911, at which 
time our fruit-frost service had been established only in a 
very inEormal manner. Orchard heating was a t  its 
height, though not by any means universal in the dis- 
trict. Unusually cold weather occurred during April: 
orchard temperatures as low CLS 15’ and 16’ were recorded 
in laces on the 13th; and vigorous heating was practiced 

without evident adequate profit in the way of increased 
returns from the fruit crop, particularly in the apple 
districts. Consequently man rowers in those districts 
failed to prepare to “sniudgeX furing the season of 1912. 

I thought that a revival of orchard heating would re- 
sult from improvement in the Weather Bureau’s fore- 
casting and warning systeni and from better methods 
of heating and increase of knowledge regarding its re- 
sults. In  later years there were temporary revivals; but 
a combination of conditions revented general resump- 

depression through which the frmt industry passed during 
several years, but, particularly in its lower sections, it 
had serious problems of its own. Also, experience has 
shown that, often a s ring freeze kills only a portion of 
the fruit in an orcharz’ and a full crop may be matured 
from a small percentage of the blossoms. 

nig R t after night.e Much fuel and labor was expended 

tion. For not only did the v Bp ley suffer from the general 

6 See Yo WEATHER REV A p . ,  1911 39591. 
1 Sea Mi. WEATEES RE;., auppkmh No. 16, p. 37, and Yr. Hamrick’s report for 

1921. 
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Station. 

Anerdeen. Idaho ..................... 
Akron Golo .......................... 
Arnruiho Tes ....................... 
Archer, +J.O.. ...................... 
Ardmore Dak .................... 
Rig Springs, Tex .................... 
Burns, reg ......................... 
Chlllicothe Tes ...................... 
Colby. Kada ......................... 
Crowley 1.0 ......................... 
Dalhart’Tex.. ...................... 
nicI<insbn, N. D S ~ .  ................. 
Edgeley N Dak .................... 
Cartien h i ,  =is ................... 
IIavre Mont ......................... 
I h y S  ‘Kans .......................... 
HettLger N. Dak ................... 
Lawton :kla ........................ 
3lsndsi N. Dol; .................... 
Mocc;rs&, Mor0 I reg Mont.. ........................... .................... 
Nepdi, Utah ......................... 

Riggs, &if.. ....................... 

Thus the question of orchard heating became economic. 
Many fruit growers who believed in the operation in 
general were unable to raise money to buy fuel; while 
others found that heatin did not pay under the con- 

the World War many former “smudgers” had moved 
away or were com elled by force of circumstances to join 
the “slackers” regrred to by Mr. Hamrick. 

“Smud ing” passed through two sudden declines; 
one imme 9 iately following 1911, the other due to effects 
of the war upon supply and prices of labor and fuel. 

The above conditions were reported from time to time. 
Curtailment of the fruit-frost service was not recom- 

ditions then existing in t % e va.lley. Thus, even before 

Record 
years 
used. 

mended, however, because all of the substations were 
coo erative and their reports were gathered by telephone 

experience, were secured by continuing the service intact. 
It is believed that all data and charts should be pre- 
served for possible future use. 
found useful in connection with general crop reports and 
frost work, in both fall and spring. 

It would seem that my article in SUPPLEMENT No. 16, 
MONTHLY WEATHER REVIEW, pages 35 to 45, should be 
mentioned in connection with description of charts and 
forecasting methods at  Grand Junction. 

wit R out additional expense. Valuable climatic data and 

All of the stations were. 

tion 
shove 
sea 

level 

g,, sr 3 (68) (73) RESULTS OF EVAPORATION OBSERVATIONS. 

[Subnutted by Robert E. Horton, Voorhoesville, N Y., Clot. 12,192l.l 

Mqot  Bfoot 
begin- begln- 
ning.- ning.- 

These records were established and maintained by the 
Bureau of Plant Industry of the United States Depart- 
ment of Agriculture. Through an aureenient between the 
o5cials having char e of these recor8s and the Chief of the 

by Robert E. Horton in the foim in which they are here 
presented. 

The accompanying Table 1 shows the locations of the 
stations, their a proxiniate latitudes and elevations, 

fept  from April to September of each year, and also 
diameters of the evaporation pans. 

Initially, some of the. pans were S feet in diameter, 
while others mere 6 feet in diameter. Iii most instances 
the larger pans were changed to 6 feet ciianieter at the 
end of the first year. The dates of change, if any, are 
shown in columns (5 )  and (6) of Table 1. 

The pans were galvanized iron, 24 inches deep, buried 
20 inches in the soil and kept filled with water to soil sur- 
face level or 4 inches below rini . of pan. While there 

United Stmates Weat % er Bureau, they have been compiled 

eriods covered E y the records, which were generally 

have been some vanat~ons, yet the intention 
rule WAS to niaint.ain anemometer cups 24 

of an. Mean air temperatures wero 
t P le averago of masinium and niini- 

mum thermometers in standard shelters, the thernio- 
meters being about 4 feet above ground. 

Humidity was obtained by means of sling psycho- 
meters. 

The instructions required that grass should be. kept 
cut and other obstruc+ons removed from the vicinity of 
the pans so as to ermit free wind movenient close to the 
water surface. It many stations records of water-sur- 
face temperature were kept. The mean was obtained by 
averaging the dail readings of niasinium ,and niiiunium 
thermometers. T t e  thermometer tube was removed 
from the ineballic backing and the glass stem slipped 
through a cork suificiently so as to float the thermo- 
meter with its bulb about one-fourth inch below water 
surface. In  the accompanying tables, mean air teni- 
perature is designated 6, ; mean mater-surface temper- 
ature, Ow;. wind velocity, in miles per hour, w; vapor 
pressure, in inches of mercury, v; observed evaporation, 
in inches per month, E,. In  order to afford R basis of 
comparing the measured evaporation with the causal 
factoiq a few inter olations of some of these eleiiients 
have been made. fnterpolated figures are inclosed in 
parentheses. There have been no interpolations of 
evaporation amounts. 

S2371-22-2 

3,5.57 
94 

2 396 
4’125 1’1ffi 
3: 135 

21 
4 OOO 
2’543 
2 1:465 838 
2:505 
2 OOO 
2:253 
1 111 
1’750 
4’228 

8,oM) 1:m 

TABLE 1.- United States Bureau of Plant IrUE1urh.y evaporation Tecords. 

........ 1913 ........ 1916 ........ 1916 ........ 1911 ........ 1913 ........ 1915 ........ 1910 
1908 1917 
1909 1917 

1908 1908 1917 1917 . ._. . -. . 1916 
1908 1917 ........ 1911 

1918 :::::::: 1914 ........ 1910 

(Pan4 Inches’ 

........ 1906 ........ 1911 

- 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1s 
19 
20 
21 
22 
23 

24 
25 
26 
27 

2s 
- 

North I’htte, NdJr.. ............... 
Xhcridan Wyo.. .................... 
Tiicumdri N. Mex .................. 
Williston, iv. Dak .................... 
WOOd\Vmd, Okb.. .................. 

1907-20 
1917-20 
1913-2ll 
1909-16; 
191s 

1014-20 

1912. 
June.. ............................ 
July.. ............................. 
August ............................ 
September ........................ 

- 

*ti tudt 
ipproxi 
mate). 

-- 
. I  

42 40 
40 40 
35 20 
4 1  00 
43 20 
39 00 
32 00 
4 3 4 0  
34 20 
39 30 
30 15 
36 20 
47 00 
46 20 
38 00 
I 40 
39 00 
46 00 
31 35 
47 00 
47 15 
45 40 
39 45 

41 20 
44 40 
35 30 
4s 00 

36 30 
- 

OF. I OF. M.V. h .  Inches. 
03 G4 s. 4 .......... 11.737 7.3 .......... 12.882 1 ET 7.0 .......... 7.255 
57 (57) 7.9 .......... 5.337 

Year.. 

.............................. ............................... ............................ 

1913. 
April 
Yay 
June.. 
Julv ............................... 
Auiust.. .......................... 
September ........................ 

Year ........................ 
1914. 

April.. ............................ 
May ............................... 
June .............................. 
July ............................... 
August ............................ 
septembor ........................ 

Year ........................ 

........................................................................ 
.......... .......... 

56 7.4 .......... 8.928 
64 5.2 .......... 6.163 

40 7.4 5.396 
55 
61 
65 67 5.1 .......... 7.318 
69 67 4.7 .......... 8.17s 
56 56 5.1 .......... 5.653 
587 .......... 5.8 .......... 39.632 

.......... 6.1 .......... 6.W 
56 .......... 5.3 .......... 5.677 
70 .......... 4.4 .......... 8.054 
67 .......... 4.9 .......... 8.2688 
56 .......... 4.6 .......... 4.443 
5S.2 .......... 5.4 .......... 38.515 

i 

;; ~ .......... 6.9 .......... 4190 

........ 
1,900 1 ........ 1 1914 

TABLE 2. 

Month and year. 1 e.,. 1 e,.. 1 U!. I v. I E~. 

Aberdceii. Idaho. 


